The amino acid requirements for the growth of Pasteurella pestis have been studied by a number of workers (Rao, 1939; Doudoroff, 1943; Herbert, 1949; Hills and Spurr, 1952; Rockenmacher et al., 1952; and Higuchi and Carlin, 1958) . Very little is known, however, regarding the role of peptides in the nutrition of this organism. Peptides have been reported to be superior to free amino acids in the nutrition of a number of microorganisms (Fruton and Simmonds, 1949; Hendlin, 1954; Kihara and Snell, 1955; and Wright, 1956 ). Higuchi and Carlin (1957) reported that P. pestis was capable of utilizing peptides in a partially hydrolyzed casein medium. Their results suggested that a study of the peptide nutrition of this organism might be of value.
METHODS AND MATERIALS
Organism. The strain of P. pestis employed in this investigation was the "Alexander" strain originally isolated in 1949 from a human case of bubonic plague in New Mexico (Link, 1950) .
Medium and cultural conditions. The basal medium (table 1) containing the amino acids and salt constituents (and test media containing peptides) was adjusted to pH 7.5 and sterilized by autoclaving for 15 min at 121 C. D-Xylose and the vitamin mixture were autoclaved separately and added aseptically to the medium. The addition of vitamins apparently was not necessary for good growth under the conditions employed, but was included in order to insure that no deficiency occurred. The peptides employed in these studies were obtained from Nutritional Biochemicals Corporation and Mann Research Laboratories.
Twenty-five ml of media contained in a 500-ml Erlenmeyer flask were inoculated with 1 ml of a washed suspension of cells from a 24-hr culture grown in a casein hydrolyzate medium (Higuchi and Carlin, 1957) 
RESULTS
Several of the amino acids emploved in the basal medium could be omitted singly without seriously limiting the growth of the organism.
MWethionine, phenylalanine, and cysteine, however, were essential for even minimal growth.
The peptides tested, therefore, contained these essential amino acids in order that their effects could be readily observed. Glycine peptides were also examined because of their marked stimulation of the rate of growth of P. pestis.
Methionine peptides. The requirement for Di-methionine is shown in figure 1 A study of the utilization of the dipeptide, DL-alanyl-Di-phenylalanine, was of interest because it contains two asymmetric amino acids which results in a mixture of four peptides. On the assumption that peptides containing D-amino acids were not utilized by P. pestis, only one of the alanylphenylalanines (i-alanyl-iphenylalanine) in the mixture was available for growth. Almost twice as much growth was obtained, however, than could be expected on the assump- tion that equal amounts of each form of the dipeptides were present. Control media containing ialanine and iphenylalanine were employed for comparison. Glycine peptides. Although glycine was not essential for growth of P. pestis, its presence promoted more rapid initiation of growth (figure 3). Furthermore, the peptides diglycine and triglvcine, produced greater stimulation than did free glycine (figure 3). The total growth obtained after 30 hr incubation, however, was approximately the same in all cultures. Tetraglycine also gave results which were similar to those obtained with di-and triglycine. Peptides such as glutathione, diketopiperazine, and hippuric acid, which also contain glycine, failed to stimulate growth.
Free glycine was oxidized rapidly when incubated with aerated resting cell suspensions of P. pestis in phosphate buffer. Glycine peptides were utilized more slowly under these conditions. Paper chromatograms of the reaction mixtures during the incubation period revealed that diglycine and triglycine were able to supply glycine to the cells over a longer period of time because they were apparently degraded more slowly than free glycine. Di-Alanylglycine was superior to glycyl-DLalanine for stimulation of growth (figure 3). This difference indicated that glycyl dipeptides are less adequate as nutrients than those peptides containing glycine in the terminal carboxyl position.
DISCUSSION
The results obtained with the dipeptides containing the essential amino acids, either methionine or phenylalanine, indicated that only the peptides containing ilinkages were utilized for growth ; Simmonds et al., (1951) and Kihara and Snell (1952) also have reported that peptides containing D-amino acids were apparently not utilized by their test organisms. Not many workers in the field have tested peptides containing D-amino acids in nutritional studies with microorganisms. Examples are known, however, where peptides containing D-amino acids have been shown to be stimulatory for growth or for (ertain other physiological processes in bacteria (Taylor, et al., 1950; Peters et al., 1953; Jordan and San Clemente, 1955; and MIueller and Miller, 1956) .
The amount of growth obtained with DLalanyl-Di,phenylalanine was greater than expected, but this was probably due to the presence of a higher proportion of L-alanyl-L-phenylalanine in the mixture than of some of the other isomers. Alternative possibilities exist, however; either that the L-alanyl-L-phenylalanine isomer was more stimulatorv for growth than the constituent free amino acids or, that the organism was able to utilize other isomers.
The fact that free glycine wAas rapidly decomposed by resting cell suspensions of P. pestis whereas glycine in the peptide form was more slowly utilized, may provide an explanation for the superiority of glycine peptides for the growth of P. pestis. Demain and Hendlin (1958) have reported recently that a strain of Bacillus subtilis gave better growth in the presence of glycine peptides than in the presence of free glycine.
The observation that dipeptides containing glycine in the primary amino position are less adequate as nutrients than those dipeptides containing glycine in the terminal carboxyl position was analogous to results reported by other workers who had noted the effect of the position of the constituent amino acids in peptides on the growth of bacteria (Agren, 1947; Krehl and Fruton, 1948;  and Stone and Hoberman, 1953) . The position effect is perhaps due to differences in the rates of hydrolysis of these peptides by bacterial enzymes.
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SUMMARY
The utilization of certain peptides for growth of Pasteurella pestis has been studied. Of the dipeptides tested which contained the essential amino acids methionine or phenylalanine, it appeared that only peptides of L-amino acids were utilized. DL-Peptides supported only one half of the growth obtained with the L-isomers.
Glycyl dipeptides of alanine and of phenylalanine were apparently less available to the organism than the corresponding dipeptides with the glycine moiety in the terminal carboxyl position.
Diglycine and triglycine were more stimulatory for rapid growth of P. pestis than free glycine.
With the limited number of compounds tested, the growth of P. pestis was not enhanced by supplying amino acids (except glycine as diglycine or triglycine) in peptide form.
